Objective: To investigate covariates that could affect the variation in mean length/age z scores in the first year of life of children born full term with normal birth weight.
Introduction
Human growth is a continuous process which assumes Linear growth deficits during the first years of life have both short and long term repercussions, including greater susceptibility to infections 3 and attenuated cognitive development. 4 They also lead to reduced height, 5 reduced capacity to work 6 and increased risk of obesity 7 in adulthood.
The importance of linear growth during early childhood and its repercussions throughout life mean that there is a need for more precise estimates of normal growth patterns in this phase of life, based on the results of studies that include means to control for intra-child and inter-child variability. However, studies with these characteristics are rare. Therefore, this cohort study employed an appropriate design and appropriate statistical methods to achieve the objective of investigating covariates that may have an impact on the variation in mean length/age z scores (LAZ) during the first year of life of children born full term with normal weight.
Methods
This prospective cohort study investigated mother- Multiple births (n = 2), infants born to mothers from other municipalities (n = 23), refusals (n = 4) and children with health problems that made follow-up impossible (n = 2)
were all excluded.
This sample had 99.6% power (1-β) to evaluate the linear growth of the children involved.
Mothers were informed of the study objectives and invited to take part. Those that agreed to take part signed free and informed consent forms; illiterate mothers gave consent by providing a finger print.
Study variables subject to change over time were recorded at birth and monthly up to 6 months of age and then every 6 months thereafter.
Birth weight was measured by maternity unit staff and length was measured by a nutritionist from the research project. All other measurements, with the exception of those taken at the first-month home visit, were taken by project staff at a health center. When mothers failed to attend for follow-up appointments, the project team visited them at home for data collection.
Children were weighed using a Filizzola digital balance with 15 kg capacity and 10 g precision. Length was measured using a wooden infantometer that had undergone reproducibility testing for a previous study. 8 Anthropometric measurements were taken in duplicate using standardized techniques. 9 Maximum acceptable variations were defined as 0.1 cm for length and 10 g for weight.
Hemoglobin concentration was evaluated using a portable hemoglobin meter (HemoCue Ltd.). Hemaglobin at birth was assayed in cord blood while all subsequent samples were taken by fingerstick.
Anthropometric variables and information on morbidity
and dietary intake were collected at every contact with the mothers. Information on socioeconomic, demographic and environmental characteristics subject to change over time were collected at the first home visit and at the health center at the end of follow-up.
The length at all ages was converted to an LAZ, using the World Health Organization growth curves as a reference. 10 Mean LAZ over the follow-up period is the dependent variable of this study. The cutoff point adopted to classify children as having growth deficit was a z score of < -2. 11 The exposure variables cover a range of factors that could interfere in a child's growth. Therefore, for the exploratory analysis, variables related to the socioeconomic and demographic conditions of the family and to sanitary conditions were combined to create an environmental index.
This index was constructed using eight duly weighted items The variables related to the infants were sex, birth weight, supplementation with vitamin A (a 100,000 UI dose between 6 and 11 months), age, total duration of exclusive breastfeeding the first 6 months of life (in days), diarrhea, anemia and admissions. Birth weight was categorized as 2,500 to 2,999 g or ≥ 3000 g. Infants were defined as exclusively breastfed if they were exclusively fed on breastmilk, including expressed breastmilk, with the only exception permitted being oral medications and vitamins. 12 Diarrhea was defined as three or more loose or liquid evacuations in a 24-hour period, according to the mother. This definition was not considered applicable to children on exclusive breastfeeding. Newborn infants were defined as anemic at birth if hemoglobin was less than 13.5 g/dl; at 2 to 5 months anemia was defined as hemoglobin below 9.5 g/dl; and at 6 to 12 months as hemoglobin less than 11 g/dl. 13 The children in the sample were compared in terms of the main variables using the chi-square test. Comparisons were also made between those lost to the sample and those followed-up to the end of the study period. Fisher's exact test was used whenever a category contained less than 5 subjects.
The mixed effect model was adopted in this study since comparison of the distribution of variables among children who were followed-up to study completion and those who were lost to follow-up revealed no statistically significant differences (data not shown).
Mean gestational age of the cohort was 39.3 (±1.8)
weeks; mean birth weight was 3,229.1 g (±402.4) and mean length was 48.5 cm (±1.8).
Socio-environmental, demographic, maternal and infant variables are given in Table 1 .
Mean estimated LAZ over the 12-month period was -0.3279 (standard deviation = 1.009). At birth the mean was -0.5758, which is the point at which the sample was furthest from the reference population's length-for-age. The z score increased over the first 4 months (Figure 1a ).
When anthropometric status was analyzed over the 12-month period, it was observed that the prevalence of growth deficit was 5.2%, with a higher prevalence at birth Table 2) .
The results of the multivariate analysis indicated that mothers not cohabiting with partners and greater exclusive breastfeeding duration were variables that made a positive and significant contribution to estimated mean LAZ, whereas mother's height < 150 cm, birth weight of 2,500-2,999 g and anemia had negative and significant impacts ( Table 3) .
Discussion
Against a background of a paucity of cohort studies, The mean LAZ over the first 12-month period of the lives of the children studied here were within the limits of healthy growth. Nevertheless, a trend was observed for When variables that could possibly interfere with mean z score for length/age were analyzed, it was observed that the effect of the mother not cohabiting with a partner was positive. There is no consensus in the literature on this point. Some authors have observed that cohabiting with a partner is favorable for the child's growth, 18 whereas others did not report this association. 17 One possible explanation for this finding is that the mothers who did not cohabit with a partner were living Growth deficits, especially during the first 2 years of life, can lead to irreversible damage in adulthood. The results Predictors of linear growth -Queiroz VA et al.
of this study indicate that children whose mothers' height was < 150 cm had a negative estimated mean LAZ, when compared with the children whose mothers were taller, in line with findings reported by other authors. 20 Mothers' height has been shown to be strongly associated with their children's growth, which is possibly an indication of the influence of genetic inheritance. Notwithstanding, the extent to which genetic potential is fulfilled can be affected by the socioeconomic and environmental conditions to which children are exposed. 21 A birth weight of 2,500-2,999 g is still considered normal, but this range proved to have a negative impact on the estimated z score. A study of children born with weights < 2,999 g found an increased prevalence of growth deficit in the first year of life when compared with children born with weights ≥ 3,000 g. 22 Children born with deficient weight begin their growth at a disadvantage to those with normal birth weight, which is reflected in a need for increased acceleration in the velocity of anthropometric increments, 17 which is a condition that often cannot be met because of the poor socioeconomic and environmental conditions to which they are exposed.
The positive effects of breastfeeding on the nutritional status of children are well-known, in particular because of the reduced incidence of infections, especially gastrointestinal and respiratory infections, and also the effect on the risk of death associated with them. 23 However, the many initiatives by national and international bodies attempting to increase the duration of this feeding regime have not had the desired effect and prevalence remains low. 24 In this study it was observed that the longer the duration Particularly during the first months of life, hemoglobin levels are linked to the iron stocks built up during the gestational period and to a range of factors of extrauterine life. In this study, the prevalence of anemia at birth was 22.2%, but the greatest percentage was observed at 6 months (75.5%), with a reduction taking place by 12 months (62.9%). These prevalence rates are considered elevated for all of these age groups.
The elevated prevalence of anemia during the first months of life that was identified in this study can, in part, be attributed to immediate clamping of the umbilical cord, which is the routine technique at the obstetric services in the municipalities studied here. This procedure can have a negative impact on children's iron stocks and hematological status, particularly during the first 2 to 4 months of life. 26 Additional first-year risk factors for anemia include inadequate nutritional practices, which, in addition to compromising infant growth, can increase the likelihood of deficiency diseases, especially anemia. Early introduction of cow's milk was identified as a risk for anemia in infants under 6 months in this cohort, even when concurrent with breastfeeding. 27 Notwithstanding, children are more vulnerable to iron deprivation from 6 to 24 months of age, especially after the start of the second 6 months of life, which is when introduction of complementary foods should begin. 28 These foods are very often introduced too early and are often qualitatively inappropriate for the child. 29 In this study, the greatest prevalence of anemia was observed at 6 months of age and had decreased by 12 months of age, in contrast with results from children living in the state capital Salvador, where prevalence rose from 6 to 18 months. 30 In compliance with the ethical protocol for this study, all children who exhibited some type of morbidity during follow-up were referred to health services, which could partly explain the reduction in anemia prevalence from 6 to 12 months of age. In the event of anemia children were given supplementation with ferrous sulphate, except those less than 6 months old who were still on exclusive breastfeeding.
Additionally, mothers were advised on the introduction of 
